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. _ Daniel P. Keating and Julian C. Stanley‘(

» * " Thé Johns Hopkins University oo

Laentification of the gifted students ih a schdbl populatlon is logi—

- °

cally thé first -step in any educational program for Such a grOup The

criterioﬁ'which i= set for inclusion in a "gifted" group depends on the
'i

. »
STyt :
aims and’ goals of the particular pyogram. Among the criteria which have .
’ . Vi b}

3 L
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: : al ] ) r e
. been used in the past are: above gome‘specific IQ score, as in 'thé Ter-

L

i " - man Gifted Study (1925, . et seq.), which 'set a 11.5 IQ minimum; the top '10%

4 o

. . on measures of gene:ral scholastic aptitude; or, more recently, above some
. .
criterian Score on a test of "treativity" (more correctly, "ideational

o

fluency," according tp Wallach [1971]) " -

In the Study of Maghematically and Scientifically Prechious Youth ‘Y
L em \
¢ - (SM&SP ) at The Johns Hopkiqﬁ University, the initial goal iz to select

the ablest mathematical reasoners of Junior high 3chool age-from among
‘ . 3 - : ~N
) \ an already able group. Two mathematics compet{tions have beef held for

sevenrf, eighth and accelerated ninth graders, the first in March 1972
7 ..'. . and the second in January, 1973. Nb offieidl screening was,done fPr\the-
. g .
first competition, but it was recommende; that the student hagp at least
/

‘a 95th percentile (#ationdl gorms) on a stendardized test of arithmetic

¢

! reasoning. The results of thé first competition led to thi§-restriction4°.
for the'following year: a 98th or 9§th.percentiIe'score (national nornms)
. L\ - ’ - . '
on'a stzndardized test of arithmetic feasoning.
The primary test for both competitions was the College eqrance
Examination Board's (CEEB) Scholastic Aptitude Test-Mathematical (SAT-M),
* - - Juniors or *
'whi-h is normally given to high school/seniors Seeking rollege adm}ssion
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‘This teosﬁw0uld be. extremely difficult for most 12-14 year olds, of

course, but it was choSen mainly for that reason’ If one has a hlghly

able group to begin wi;h further in-grade testing i§ unlikely to sepa-

Jate tﬁem efficiently-or'reliably. Before proceeding on to the detailéd~

AY \5 .

rationale for the _use cf such high- ~level tests, M these groups let us " ; .

examine briefly the‘results of the testing competitions
b

In the 1972.competition, 396,students'took SAI-M. Detailed results S

have been reported els&where-(Keating & Stanley, I972a, b; Keating f§%2)yv

-

but several ﬁhjor findings-bear repetition. A score of 540 on SAT-M Is

about the 78th percentile of male high school seniors, 89, contestants,, o F7-, o K

all 7th, 8th, or accelerated 9th graders, scored that high or higher. - A. N

- \ - . . -, .
score of 620 is*the 9lst perhentile, and 41 contestants scored. at least

. .,_4 4 “ v . - ) : . *
‘that high. [From the top of the distribution down .to a score of 660, the

T . . 740 - 2 ; .
scored and frequencies_were: 790 - 1°.780 -1/ 730 -1; 710 - 2
t4 . N,

\ _ .-\ ' .
690 - Z 680 - 5 ; 670 - 3 ; and 660 - 5. 'These are scores which the * o
For example, the average freshman at The Johns Hopkins Uniwersity scored 637. . -.

great majority -of high school seniors never achieve./ The complete .ot

grouped frequency distribution of- scores for the first»competition are ‘\_,///es

shown 1n,"rab1e'1.' . . .. ;oL .o

- The full %esults of, the second competiton dre dot yet aVailable, .

but partial results indicate that the level of talent found this year - .

§ N \ . ,

exceedathat.discovered last year. One boy, an accdlerated 9th grader ™ ) t

) v N an extrapolated score of )
who was 13 years 0 months old at the time of tbe testing, earnea/807 on‘
G
SAT-M (i.e., oOne raw score point above the minimum required for a scaled"

‘ '-.\'
score of 800). Another accelerated 9th grade' boy 8corEd 770(on SAT-M W,
Ve e * ' o . s/ . .

and 710 on SAT-Verbal. . - .

Sm Tt T
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Table _1: Grouped' frequency distribution by grade and sex on SAT-M and
: M-I of 396 students participating in mathepatics contessb/
“Tth Grade - 8th Grade 9th Gréde
ﬁ' SaT-M b M- | YsameM | M-I SAT-M - M-1
Sc?re ) 3 o *\N : =
\ B ¢°|'B 6| B G| B ¢| B ¢ | B &
760800 | 0 0| 0 0| .1..0{ 0 .0|.- 1 0] 1 o
mo-70 | 2 ol -1/ of:2° o 2 o| i, o| o.e
660-700 "2‘- o| 1 o 131,. 0 }l o) 0 ol o 0~
610-650 | 3. 0t c0* o 177 .0 "% "oy 1. of 1. o,
560-600 | 8 3| o0 o 19 11| 8 ol 1 ol 1 o
510-550 | 11 - 8| 6 3| .21 23| 15. 9 ‘e 1| 1 -o
460-500 | 20 16| *9 5| 19 20| 27 17t o o} :0 1
410-450 | 16 17| 27 .22 17 14| 33 7%] 0 o| o o
360-400 | 18 22, 31 -36| 13%.14| 32 200 o of o o
©310-350-] 7 7|, 1r 10 714 6| 0o 0| o o
© 260-300 Lo2ete 1 o} 0. 0 o0 fo-
Cdp-2s0 bz 20, 0 .o o 0 o i0 ¢ o o
LN ) 90 77) 90 77| 129 95| 429 95| 4 1) 4¥ 1
Median |57 420-| 394°/388 | 534 470 | 442 “421 | 690 “510 | 90 500
Méan . | 460 423'| 4084396 | 523 457 | 458 426 | 690 510 | 618 500
s, 106 75| 710 49] 105 88 '1 8L 50| & - 110 -
1 ! N 1 - years ‘old
Agccelerated 9thigraders were eligiPle, i.e. those not yet 14 /at tiine 6f

.testing (March 4, 1972).
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. o : }'be level of mathematical reLsoning ability evidenced by such Scores

[N

|

'} . . is surprising to indivi\duals, a'ccusto?ed to in—grade 'E"omparisons of gifted ‘
. . . l/ A . N . -

} ~¥ ’ 4 *

Cy , .younzsters, even exceptidnally gift;ed ones. When one ig wséd to dealing. -

r 5 N
\ i < R . I, 2 .
L, with the ful‘l range, of/sch:olasti,c aptitude (as-measdred by standardized
. , . . :

! " tests); from quite low to quite high, as is frue of most-s‘chool personnel,'

—_

’ Q" the feeling that ‘any thing above the 98th or 99th percentile "doesn e \

really make‘any difference is understandable but unjustifiable. If the
.o . ¥ ' S ° \

.. goal of the schools, like ‘that of SM&SPY;" is to provide the best possible

_educatlonal alternatives to each individual, rather than—to specifiable .

. :sub-groups, then -the disitinctions\ even- :;t this ‘high level can’be as impor- .

T i ) L tant- as in-grade te;tiné - [ - ‘ ‘ n o - | ‘
N . ) o .

’

-t

. B "+ There are several 'm:easons f‘ef,/thef use’ of'high-level tests with gifted .
; % / . ,

; ) :
- - ¢ youngsters in edpcational as well as ;research settings? .The fitst of s
. ~ J . '

. /
| - these .is that the 98th or 99th percer.tile students on _in-grade teBts are: . ’
. .
. - likely to be as, different from each other as -the group is different from ”
- \ , "

, * 75th percentile youngsters. It is not intuitively obviaus, but there is .

. (theoretically). mo/re range above the 99th percengile than there'is from i
~ N . - /. N - 7 ‘. bl et

R the 1st to the 9¢th percentile. A conversion td z-scores 1llust‘ra»res )
. , In a noryal distributiop{‘ '
A the point. /th lstvpercentile has a z-score equivalent of approximately

PN .
1

=2, 33 "The 9/§.th percentile is of course +2.373. Thus, the total z-sdore .

range is 2. 3](-2 ;33;’= 4.66. The region beyond the 99th percentile,

~ ~however, xtends to + o, An example of this is available from another
’ [

. ' s tudy of sixt’h graders nominated as gifted who took the Academic Promise L4 “ - M

\\

L.
Tests (AP'I‘) for 6th-9th gradé. A 99%ile score on the mumerical subscale

»
L ]

"for 6th graders was 4? or greater on a 60-item test. ' On student got 3‘8\-— '
Ry v
right, another 40. Both were 99th percentile on in-grade nd)pms, but. the

~
.

LN . v - .

© same r?Vscore diffefence of 18 betwaen 40 and 2%’ vas " the dit%rence <y -
’ t

fo /_\J| 4 - 4 L 2 .
’ PANY a . J{. 2 ' . \
. ’ . - ~ . . . '. M
. A S
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. between a 99th and a 65th percentile score.

Also, the 99.9th Zile score is as ,different from the 99.0th %ile
.o ‘ :
" score in standard score terms as the latter is from the7¢th %ile score.

1 Tests in-grade, howeuer, rarely make these distinctions. - In some

cases the distinctions .could be made on the basis of standardized'tests ,

4
I

v in—grsde,,butwhore often‘such'tests lack sufficient ceiling to separate

these individuals accurgteiy and,reiiably. The problem is especially )

12

-

acute if, as in some cases, the 98th and.- 99th Zile cutoff levels are -

3

only .a few points below the ceiling of the test. 1In such.a case errors

1

of measurement are iikely to ‘lead to misctassification of a s{zable num-

ber of high scorers. )

»
Consider a (hypothetical) 60~item test of mathematicaltreasoning
s

which is standardized for a large group whose mean score on the test is

@0. The reliability coefficient for the test is .81 and the standa*d

error ofJﬁeaSuremxgt is 5 00. For an individual who scores at the ceil--

~

tng, 1. e, 60 out of 60 right, the 95% confidence interval argund his
N (Stanley, 1971F. g 2
'estlmated"true score" is 62.24 to 46. 36/ The "trle Seore" .of Such an
, .
individual may, however, be far. above that, but this test, because of
4 F
lack’ of ceiling, can' nake’ no "true'score" e&‘timate higher than 63-24,
. : ; ' )
even at a 95% confidence level. (The upper limit of the confidence ipter-
val at the 99% level is still only 63 74). If.the fe1iabi1ity coeffi-
~ . [ = 3
cient of the test were-higher and the standard erroy of medsurement Yower,
- 3 !

* the confidence intervals would of cgur!e be even sma ler. In the extreme
PO l

case of perfect reliability fhe_one and only Mtrue score' '-egtimate 'would

3

60. The‘point pf the exampie is that for %n individual whose "tiue ecore"

s N < i

‘lies abowe. the ceiling of a partichlar test, tpat test is both practi-

dally’and theoretically incapable of estimating his %atual abilit}f; v

. R ¢ 3 - . ’ . ~ . .
/ oL PRIRR L‘\{ />

, . ) q:. i " o <.

' Cog \ L R 1)
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Thus, within the confines of classical test. theory, there are tWo

. ) & y .
. major problems with using most in-grade ,tests with exceptionally gifted

¢ L students, both connected to lack o} ceiling l) the tests can give no -
. X .

~ L ‘ B [}

indication of *how such students are different from each other1' 2) the ;

. /'\\
- -y v

|
tests’ can not give an accurate estimate of an individual 8, ability if his

o «
o -

true level is above the ceil‘ing of the test. T -

.

.

‘ .
; # . .
K ' Both of thesa objections can be overcome by using adequately. diffi- ™

cuit:_tes.ts. But -before ar‘guing this in de'_tail, the’ question of, the pur-

’ N , - v .
Rose of tsuch accurate ‘measurement should be addressed. It is espe ially
. - : > .
important in that some teachere and pa‘rents have suggested that using
4 ) <
such difficult tests may, in. fact be harmful in some way -to young chil-

L * 2 Y y

- dr;en. It 'may be txaumatic for the average child, but these excepgiomlly

R PR R “ N

- . . able stuaents seem to relish the challenge.
N . N - L\

| - . . . M
$ s 4 ‘. . .

13
’

. There would be'no purpose to usipf these tests-i>f we wWere tolcoliej y
. . L.,

DI sthe scores, note them . with' .gzo.m'et1 curiosity, and pass on to-A"? ‘
- ) . e - ‘ s ’ ‘ . Fl ¥
ha ’ other e&ndeavors. 'But this is no,t the case,'at lea’st in SM&SPY. @T"e pur-~

¢ - .

Y . pose is preciSely to assist the student ’in planning his edt}cation best,

LE2 N . ~

/’\\?d these plans will be. quite different f-or‘ the, student who \sco,res 800 on - f

, i .o
o e SAT—M when 13 years 0 months, old and for anothef‘ student the. e&ame age

a

.
L4 t

' "who scores »40, even though both are at the 99tP(x Zile on in-grade tests. '
.-
o (9 Educational facil:Ltation for .the f:Lrst student w'ill certainly include re~ '
tand ) . -~ '
. T leased time and summer college courses while in ,high schooL and probably ’

v

early‘admission into college as well (Fox, 1972) o, e

) This ra}ses the secdnd maior reaSop for using high level tests ‘'with -
v, R L -
e ’Buch studéhts, :and it is a primarily engSiricél rather than theoretical

3 . ‘

1,_ 2 one. thQ more dif’ficult tests have prﬁicﬁive va\lidity for tl'e \kinds of

< . , ' - “ o k. .

j Id challeﬁéing e&periences that facilﬂ:ating their education wil Jresentr '
s ¥ P-S ‘. - -

. L]
. R a3 . B
L by AL o v ( - .‘ '
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iestifying to the fact that these ~tests have rood predictive valid- (T“\

ity is a series of (thus fax) unbroken successes in placing young students
found through these competitionsiin college dourses on treleased time or

~ 8
! »

during the Summer, None of the students_has received a grade less thdn

* B, and thé"majority have received A's. Prior to the official start of

SM&SPY two 8th grade Studgnts were admjtted to Johns Hopkins as full-
. before

time students/ the age of 14.
!

They had scores on CEEB aptitude and

T achrévement tésts superior td those of most entering freshmen, and their

“ . -} ) . . :
psuccess at HopKins has been discussed in case studies elsewhere (Keating &
9

Stanley, l972a, Stanley, 1932) A third studgnt (who was not 'found through

‘ -the testing qpmpetitions) was admitted in 1972 at age 16 after the le&

. e

grade 6n the. basis of excellent scores on college level tests ‘and SM&SPY's

AL
recommend?}ion. He 'compiled a 4 0 (Straight A) averag= in his first
o . | \ . .
semes ter. M . ) ’

¢ ' " : T— .
. Relaéed to these tonsiderations is the fact thaghwe are’ interested )

- L)

in quantitative precocity, not dust quantitative aptitude, 'Precocity, as” °

. Y

the temm is used here), means arriving@at'some stage of development barlier
’-1‘ ‘ PR T \ '

than éxpected 'such that the individual's current state of development

v’
more like someone'mnch older. In this context, quantitative precocity

1
P
e

nmans having attained a stage ot cognitive development in he quantftative .

2

area more like the developmental stage of’SOmeone severaleears oldex than

- N . 3
¢ the norm for age-mdtes. . ’ o o
. . . - v

. + )

, ‘The'simplest way to discuver this ig to agsess ‘it directlye Thus, to-

4 . \

'find out which of a given group of abid 12-14 year olds has,attained -

B
level Gf quantibative reasoning abiiity.more like able high school seniors

—
one need only give tren the.same‘testﬂof mathematical reésoning one would

. s . o %/ .
" glve, to a group of high school Beniors., The'exc&llenﬁ and freézently used *

Y
., - . /
- .
.

A J
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< minable "stimulus" across’ all groups. ghe sample of behavior which each

,

-
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test for this purpose is SAT-M. I p . ’
. . ' “ . . o QQ w

) Ihrsyis,not to imply that a scqre of 680 for a 12-14 éearwolp on”
) ) s " \ ) f
SAT-M mecessarily means‘the.same‘thing in terms'of quan%itat}ye reason- o

ing abiiity as-the 680 earned by the hightscﬁool'senior. In fact,. the
younger student is.probabl; being required to use more of his.reas;nfn& :'
ability, since some of the formulas and identities which the older stu-
dént has learned in high'school are not Pvailahle to the younger student,_

. ' N N . ;
and he consequently must_figure.them out by using a higher level process.
Befoté we elaborate . this distinction, it should be noted that v o

this element probably "biases" the predictiVe validity positively if the.‘°“ .

L

criteribn is "success in learning new material in introductory courSes"
'Y ’ t © . . , .
(as reflected by the grade in the course), for almost certainly the reas-"

'

oning element will be more important in Such a situation than 'amount of

. .. »

knowledge previously accuqulated" will be. . \' ' , &

The different meaning and interptetation of the test score depending

L v

on who-the test-taker is raises an important point. As ‘n stasi (;972)

has Suggested, the test item is not an unchanging and objectively deteﬁ- .

k4 3
¢ l -

, .

ite"seers to evaluate ié a complex interaction of the item and the indi-

vidual including his background and experience, and the way in which he

: vl A’ S
reacts to the particylar item.- . ) v RN 2 R

Two examples setrve ‘to illustzate this pointjwith regard to mathema- .

4

tics items. One such item on a college level test involved- thz‘division
- o B i

of one fraction by another. For the coigege population the test was con- e V-

. s .- Co

Structed for, the item was appropriately p1aced ‘in’ mhe mathematical com—

A

.~ . "

puE/:ion\section of’ the test. When the iteu was presented to an ll\year

. N . P
. ) ~ -

9 month old bBoy, hOWever, it was d "different" item. He had not "then

.
— 4 *
: - - . ~ . ¢!
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learned the rule for division by a fraction.(i.ef, invert and multiply),
but got the itfem right nonetheless. It was clear ﬁiom.his expfanation’

% . . .
afterward that he had used -excellent mathematical réasoning to completé

* ‘ -
¥ . ‘
the item correctly-.

.

\ ‘ ! \

Tke second example is the manner in which 4 9 year - * < old boy .

went about solving a problem involving the_area of a triangle He had

- o

not learned: the formula (1/2 x HYase x height) in school, of cqurse, being
only a 4th grader.. But, as he explained later, Qgéinew that the area
“of a rgctangle was 'base x height " He recognized the hypoteheuse of’
the triangle as, being the diagonal of a(n imaginary) rectangle. Thus

he reasoned if he calculated the area of the rectangle and teok half ,of
that area, he Wouldjhave the area of the triangle (i.e., base x height

X 1/2) o, '

. - <

' These " linical" item analyses need to be inveStigated by more con-

veqtional statistical methods A full 1tem analysis of the SAT of. the

two testing competition groups is planned and the reiults are to be com~

pared to‘}tem dnalyses of the. SAT® conducted by Educational Testing Serv~
Y, .
ice (ETS) in'its regular administrations The conparisons, if the above

discussion s accurate in its conclusions, should prove mogt enlightening

The techniques’described\in this paper for -the discovery of quanti- '
/

tative prhcocity are of course applicable7in other areas. The goneral

finhihg.that tests which are adequately scaled for a population defined‘

1 V

by. age and grade’may not be the most useful for those near the top of tﬁe ".
“e < ¢

scale This difficulty can be overcome by administering a higher level

\ -

'test te a select sub-popuﬁﬁfion on the bdsis of the first (inrgradeb test.

1c should not be adminiStered to the whole population, of cour8eL Because

it .would be both useless and discouraging for all but the top few§, This
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practically "jusgifiable is.onéAoftengogerldbked, syen by thése who most

¢ .

o need the information to assist and cfunsgl the student.
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